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Description 

Active protection circuit arrangement 

5 

The invention relates to a circuit arrangement for 
protecting integrated semiconductor circuits from 
electrical pulses or electrical oveirvoltages . 

10 Pulses or overvoltages such as these may occur, for 
example, in the event of so-called electrostatic 
discharges (ESD) . The electrostatic discharges may 
result in damage to integrated electronic circuits and 
may even completely destroy them. 

15 

Active ESD protection circuits for a wide variety of 
applications are becoming increasingly important, for 
example in automobile technology. In this case, there 
is a requirement to also design circuits such as these 

20 for considerably higher ESD levels than have hitherto 
been customary. Active ESD protection circuits are 
usually triggered by the rise in the ESD signal. In 
this case, the voltage rise per unit time is detected, 
and a protection transistor is switched on by means of 

25 a drive circuit. 

US 6,465,768 discloses an ESD protection means using 
integrated circuit technology having an n- channel MOS 
field effect transistor and a parasitic npn bipolar 

30 transistor whose collector-emitter path is connected in 
parallel with the NMOS transistor. In addition, a p- 
type well having a bias circuit is provided, which bias 
circuit, in the event of the occurrence of an ESD 
pulse, triggers a triggering substrate current which, 

35 in turn, switches on the parasitic bipolar junction 
transistor, so that an ESD overvoltage is rapidly 
discharged at an I/O pin of the circuit. It is often 
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desirable to protect not only a separate I/O pad from 
the effects of ESD but also the supply line itself. 

US 5,559,659 discloses an active protection circuit 
5 arrangement comprising an RC element which triggers a 
downstream inverter chain that drives a protection 
transistor. In the event of a fault, that is to say 
when there is an impermissibly high voltage, this 
overvoltage is discharged to ground by the protection 
10 transistor, and downstream subassemblies are thus 
protected from the high voltage. The transistor can 
therefore be understood as meaning an actively 
triggered surge arrester. 

15 Various problems may occur in ESD circuits. On the one 
hand, it is undesirable for the protection transistor 
to be activated when the circuit's voltage is being run 
up (power-on) . This may occur, when the ESD circuit is 
appropriately designing, for example on account of any 

20 steep signal edges of the supply voltage which may 
occur or else even because the rise time of the voltage 
on the supply line is not sufficiently slower than the 
rise time of an ESD pulse. A larger current is then 
needed during the run-up time in order to switch off 

25 the active protection circuit again. 

If the ESD circuit responds in an undesirable manner 
when running up the voltage (power-up) of the circuit, 
another problem may arise by virtue of the fact that 

30 the supply voltage dips in an undesirable manner on 
account of the protection transistor that has been 
activated in this way, or at least the rise time is 
slowed down. As a result, the protection transistor, in 
turn, has a high impedance and may switch off 

35 completely. As can easily be imagined, the subsequent 
rapid rise in the supply voltage may result in an 
oscillating or flipflop effect occurring on the supply 

2 
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line. During normal operation, this disadvantageous 
behavior when switching on the supply voltage may also 
be triggered by electromagnetic interference that is 
injected. The oscillating or flipflop effects, in turn, 
5 lead to long switch-on times of the integrated circuit, 
which are undesirable because short switch-on times are 
an important aspect of the product specification and 
thus constitute a competitive advantage. The 
oscillating or flipflop effects also result in the 
10 product having poorer EMC capability. 

During operation of the circuit, a "ripple", that is to 
say a short disturbance in the supply voltage, may be 
judged to be an ESD event and may switch on the 
15 protection transistor. As a result, current briefly 
flows away from the VDD line through the protection 
transistor, thus rendering the ripple more disruptive. 
Remedying the situation by externally supporting the 
supply increases the complexity. 

20 

When testing the electromagnetic compatibility (EMC) 
capability of circuits which are to be protected, EMC 
test signals may also be used as interference signals. 
If the protection circuit arrangement reacts too 
25 sensitively to these rapid interference signals, the 
protection circuit may be activated and may trigger 
renewed running-up of the supply voltage (power-on- 
reset) . This means that EMC characterization is faulty. 

30 The invention is based on the object of specifying an 
active protection circuit which exhibits a response 
which is, in contrast, improved. 

The invention achieves this object by the features of 
35 patent claim 1. The dependent claims relate to 
advantageous refinements and developments of the 
invention. 

3 
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5 



The invention will be explained in more detail below 
using exemplary embodiments in conjunction with Figures 
1 and 2 . 

In the figures: 



Figure 1 shows a schematically illustrated protection 
circuit arrangement (already mentioned) 
10 according to the prior art, 

Figure 2 shows a schematically illustrated protection 
circuit arrangement having improved 
properties, and 

15 

Figure 3 shows the protection circuit arrangement as 
shown in figure 2 having CMOS inverters. 

In the figures, identical elements or elements which 
20 have the same effect are provided with the same 
reference symbols. 

As shown in Figure 1, the known active protection 
circuit 1 is connected to a line VDD at the supply 

25 potential and to a line VSS at the reference ground 
potential. The supply voltage is thus between VDD and 
VSS. An input circuit, on the one hand, and/ or a useful 
circuit which is to be protected, on the other hand, 
may be connected in parallel with this protection 

30 circuit, said input circuit and useful circuit not 
being illustrated in the figure. The input circuit may 
also simply be a connection (pad) that is connected to 
VDD. 

35 The resistor Rl, together with the capacitance CI, 
forms an RC element. The resistor Rl is preferably in 
the form of a diffusion resistance and the capacitance 

4 
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CI is preferably in the form of an oxide or gate oxide 
capacitance. 

When an ESD pulse or EMC interference occurs, the RC 
5 element comprising Rl and CI triggers a downstream 
inverter chain comprising the inverters II, 12 and 13 
which are connected in series behind one another. An 
inverter inverts the signal that is applied to its 
input and provides the latter at its output. The output 

10 of 13 is connected to the control input of a protection 
transistor ST in such a manner that the inverter can 
switch on the protection transistor ST in order to 
discharge the interference signal on the line VDD to 
reference ground potential VSS . In this case, the 

15 number of inverters is matched, inter alia, to the 
channel type of the protection transistor ST in such a 
manner that the latter switches on in the event of an 
ESD pulse or EMC interference. The dimensions of the 
protection transistor ST are so large that it can 

20 discharge the interference signals occurring on VDD. 

A rough design rule is that the circuit 1 should be 
designed in such a manner that the maximum rise time of 
useful signals on the line VDD, for example the rise in 
25 the supply voltage during the switching-on operation, 
should be approximately a thousand times slower than 
the rise time of the ESD or EMC pulse. 

If the problems (mentioned at the outset) of the 
30 protection circuit being switched on in an undesirable 
manner or the problems (mentioned at the outset) of the 
oscillating or flipflop effects occur in the case of a 
circuit as shown in Figure 1, the circuit may be 
improved as shown and described in Figure 2 . 

35 

As shown in Figure 2, the input of the protection 
circuit arrangement 10 likewise has an RC element 

5 
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comprising the resistor RIO and the capacitance CIO. 
Like Rl and CI, both elements may be in the form of a 
diffusion resistance and oxide capacitance, 
respectively. The output of an inverter chain which is 
5 triggered by the RC element comprising RIO and CIO and 
which comprises the inverters 110, 111 and 112 that are 
connected in series drives the protection transistor ST 
as a discharge transistor. 

According to the invention, the described problems such 
as the tendency to oscillate and oversensitivity to EMC 
can be eliminated using pull-up and pull-down resistors 
which are appropriately dimensioned and are introduced 
at a suitable point in the above-described ESD 
protection circuit, in particular the inverter chain. 
In this case, the pull-up and pull-down resistors are 
connected to the supply potential and/or reference 
ground potential. As a result, the switch-on speed of 
circuits which are protected in this manner may, in 
turn, be increased for running up the supply voltage. 

In the specific exemplary embodiment shown in Figure 2, 
this means that the resistor Rll is connected between 
VDD and the junction point between 111 and 112. On the 
other hand, the resistor R12 is connected between VSS 
and the junction point between 110 and 111, while the 
resistor R13 is connected between VSS and the junction 
point between 112 and the gate of ST. If RIO is 
designed to have a resistance of approximately 1 
megohm, the resistance values of Rll to R13 are each 
approximately 5 kilohms in the exemplary embodiment . 

It has been found that the pull-up and pull-down 
resistors Rll, R12 and R13 which are arranged as shown 
35 in Figure 2 greatly reduce the described tendency of 
the circuit shown in Figure 1 to oscillate or flipover 
and considerably improve the circuit's EMC 
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capabilities. This means that, in order to operate the 
circuit 10 safely, the rise time of the voltage supply 
during power-on now only need be approximately one 
hundred times slower than the rise time of the ESD 
5 pulse or the EMC interference signal. In comparison to 
circuit 1 shown in Figure 1, this means a permissible 
rise time of the power-on useful signal that is faster 
by a factor of 10 when the useful circuit is being 
switched on. This improvement simultaneously makes it 
10 possible to improve the design and specifications of 
the product's useful circuit. 

According to the particular embodiment shown in Figure 
3 , the inverters are in the form of CMOS inverters each 
having a p-channel transistor and an n-channel 
transistor. The p-channel transistor PIG, together with 
the n-channel transistor NIC, forms the first inverter. 
A corresponding situation applies to the inverter 
comprising Pll and Nil and that comprising P12 and N12. 
As in Figure 2, the resistors Rll to R13 may preferably 
be in the form of diffusion resistances. 

Switching-on of the CMOS inverters is essentially 
determined by the threshold value of the respective 
transistor pairing. In the case of CMOS inverters, this 
threshold value is typically half of the supply voltage 
and is thus comparatively high. As a result, the 
circuit is insensitive to fluctuations in the supply 
such as ripple. Conversely, pronounced ripple 
interference is needed to switch on the protection 
transistor. 

Figure 3 depicts the parasitic drain-to-gate 
capacitance Cdg of the protection transistor ST. This 
35 capacitance may be used to directly couple interference 
to the gate of ST. In the case of the exemplary 
embodiment, the transistor N12 which is in parallel 
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with the resistor R13 (having a typical value of 
kilohms) and is switched on provides a parallel path 
which has a low impedance, discharges the interference 
(at the gate of ST) , which is coupled in via Cdg/ to VSS 
5 and thus leaves ST switched off. 

If the resistors Rll to R13 are in the form of 
diffusion resistances having a nonlinear 
voltage/current characteristic, the resistance 

10 increases as the current increases. In the case of slow 
interference and capacitive current coupling, via Cdg/ 
to the gate of ST, the transistor branch which has a 
low impedance when switched on has more influence, as 
the current increases, as a result of N12 and promotes 

15 the suppression of interference. 

In contrast to slow interference, an interference 
element may be directly coupled to the gate of the 
protection transistor ST, in addition to that coupled 

20 to the gate of ST via Cdg, in the case of rapid ESD 
interference- The transistor N12 which first of all 
still has a low impedance can then no longer stabilize 
the gate of ST and keep it at VSS before the inverter 
comprising P12 and N12 changes over. However, this is 

25 favorable because the transistor ST is effectively 
biased, as a result of this parasitic effect, before it 
is activated by the ESD detection of the drive circuit 
which is used to change over the inverters. Therefore, 
the use of diffusion resistances accelerates and 

3 0 additionally improves the effect of the protection 
circuit . 

In the case of power-on, the circuit arrangement as 
shown in Figure 2 and, in particular, as shown in 
35 Figure 3 has the advantage that, from the beginning of 
power-on, the resistors Rll to R13, together with the 
inverters, provide defined "off" states which keep the 
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transistor ST switched off. This makes it possible to 
avoid oscillation caused by a rapidly switching 
transistor ST, as is possible in known circuits as a 
result of undefined states. According to Figure 3, this 
5 makes it possible to effect more rapid power-on and 
permits extended use of the switching device. 
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